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Abstract
We investigate the response of an Unruh-DeWitt detector coupled to a polymer quantized mass-
less scalar field in flat spacetime, using the propagator obtained by Hossain, Husain and Seahra.
As this propagator violates Lorentz invariance, frames moving at different constant velocities are
no longer equivalent. This means that it is possible in principle for even an observer moving at
constant velocity to detect radiation. We show that such an observer indeed detects radiation.
Remarkably, we show that the rate of this radiation does not decrease with the decrease in the
characteristic length scale of polymer quantization. Thus the radiation cannot be suppressed by
making the polymer length scale arbitrarily small. Our results should bring this theory within the
ambit of low-energy experiments and place a lower limit on the characteristic polymer length scale.
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I. INTRODUCTION
In [1] Hossain, Husain and Seahra introduced a novel quantization for scalar field theories.
This quantization replicates some features of the quantization in Loop Quantum Gravity
and has been referred to as ’polymer quantization’ of the scalar field. For now we will call
this the ’momentum space polymer quantization’ to distinguish it from a different ’position
space’ quantization for scalar fields that is also referred to as ’polymer quantization’ in the
LQG literature.
In [1] the quantization was carried out on a massless scalar field in Minkowski spacetime.
First, one Fourier decomposed a massless Klein Gordon field on a Minkowski background.
This gives a system of uncoupled simple harmonic oscillators, one at each point of momentum
space. Each of these oscillators was then quantized using the polymer particle representation,
a LQG-like quantization for non-relativistic particles introduced in [2]. This quantization
involves the introduction of a length scale λ∗ to define certain observables. The limit λ∗ → 0
corresponds to the usual, Schrodinger quantized harmonic oscillator 1. The propagator for
the scalar field was obtained and was seen to violate Lorentz invariance.
Recently in [3], it was claimed that the Unruh Effect vanishes in this momentum space
polymer field theory. However the result was questioned in [4]. In [3] the method of Bogoli-
ubov transformation had been used to probe the existence of Unruh Effect. An alternate
approach is to study the response of a detector(usually called the Unruh Dewitt detector)
[5, 6] moving in different trajectories in spacetime. We take up this approach in this paper.
However, we study not only the detectors moving in accelerated trajectories but also those
moving with constant velocity. As Lorentz invariance is violated it follows that the principle
of relativity does not apply for this theory. As we’ll see, there is a preferred frame chosen
in the process of quantization. All frames, even those moving with constant velocity with
respect to the preferred frame, are inequivalent. Different inertial observers will disagree on
the vacuum. Therefore it is quite possible that an observer moving with constant velocity
with respect to the preferred frame will also observe a phenomenon analogous to the Unruh
Effect.
1 This limit cannot actually be taken in the polymer Hilbert Space, as we will show in the next section.
However λ∗ can be made smaller and smaller arbitrarily, resulting in better and better agreement with
the standard results.
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We study the response of the Unruh Dewitt detector in three different frames - (i) The
detector is at rest in the preferred frame (ii) The detector is moving with constant speed with
respect to the preferred frame and (iii) the detector is moving with constant acceleration
with respect to the preferred frame.
We show that, just as in the case of the Fock quantized scalar field theory, the detector
in (i) does not click 2 while the accelerated detector of (iii) does. A more interesting result is
found for (ii) where we show that even an ’inertial’3 detector will click while moving through
a vacuum.
Even more remarkably, we show that this rate of clicking cannot be made smaller by
making the polymer scale λ∗ arbitrarily small- instead it increases with the decrease in λ∗.
Thus this theory disagrees with the usual results of the Fock quantized theory in the domain
of validity of the latter 4. Therefore our work should bring this theory within the ambit of
low energy experiments. We expect our results to place strong constraints on the lower limit
of λ∗.
(Note Added: Progress along this line has already been made. In a paper that appeared
after our submission[7], a more detailed investigation of transition rates for the inertial
Unruh-DeWitt detector was undertaken, both analytically and numerically. This paper
bears out our result that the inertial detector coupled to a polymer quantized scalar field can
click. Furthermore, it showed that there exists critical velocity βc = 1.3675 for detectors.
A detector moving below this velocity (with respect to the preferred frame) will not get
spontaneously excited. However, a detector moving with a speed above βc will click, even
when the detector’s energy gap is very small or the polymer length scale λ∗is very small. In
fact the rate of transitions for such a detector was shown to be proportional to 1
λ∗
. It is to
be noted that the critical velocity discovered in [7] is well within the range of present day
experiments.)
Before going into the details, we should clarify the implications of our results for Loop
Quantum Gravity. There are none. We always work in a Minkowski background and gravity
2 By ’click’ we mean ’make a transition from a lower to higher energy level’.
3 We’ll use the term ’inertial frame’ to simply mean the frame of a constant velocity observer i.e the frame
of an observer moving along one of the geodesics of Minkowski spacetime.
4 This is all the more remarkable because the polymer propagator was shown to agree with the ususal
Feynman propagator in this domain [1].
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does not enter our calculations. However, there is a different way Loop Quantum Gravity
may enter the discussion. The usual Fock quantization method requires a background ge-
ometry to be present. Information about this geometry enters the construction of the field
theory Hilbert Space. In LQG however the background geometry is itself quantized. There-
fore, when quantizing a coupled matter-gravity system, one cannot use Fock quantization
for matter fields. One must use a ’background independent’ quantization for matter fields.
The momentum space polymer quantization was introduced in [1] as a quantization for
scalar field theory that is compatible with LQG. However the construction is not entirely
background independent as the mode decomposition depends on the background. There ex-
ists a different quantization for scalar fields, which is entirely background independent and
perfectly compatible with LQG. This is also called polymer quantization in the literature.
This ’position space polymer quantization’ for scalar fields was introduced in [8]. Here one
directly constructs a Hilbert Space as a space of functionals on scalar fields equipped with
a diffeomorphism invariant inner product. As the Hilbert Space construction is background
independent, the only way information about the background enters this theory is through
the Hamiltonian. Defining this Hamiltonian involves the introduction of a scale in this case
as well.
The ’momentum space’ and ’position space’ polymer quantizations can be seen to be
dynamically different. One may see this by directly comparing the Hamiltonians obtained
by carrying our both the quantizations in a Minkowski spacetime. Interestingly, in both
cases one obtains Lorentz violation [9]. The point to take away is that Loop Quantum
Gravity does not uniquely single out the momentum space polymer quantization as the
appropriate quantization for scalar fields. Conversely, any result about this quantization does
not necessarily have any bearing on LQG. From hereon, we will drop the prefix ’momentum
space’ and simply use the term ’polymer quantization’ to describe the quantization of [1].
With this caveat out of the way, we are now ready to present the details of our work. The
next section introduces the polymer propagator obtained by Hossain, Husain and Seahra.
In section (3) we briefly recall the analysis of the Unruh-Dewitt detector coupled to a Fock
quantized scalar field. Section (4) presents our analysis of the Unruh Dewitt detector coupled
to a Polymer scalar field. We summarize our results and present our conclusions in section
(5). We will take the space-time signature to be (-+++).
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II. THE POLYMER PROPAGATOR
A. Polymer Quantized Harmonic Oscillator
The distinguishing feature of the polymer particle representation is that both position and
momentum operators cannot be well-defined on the particle Hilbert Space. One may choose
one of them to be well-defined. If position is chosen to be well defined, momentum will not
be well-defined. Instead the family of translation operators will be well defined. As we show
below, an approximate momentum operator may be defined from these translation operators
by introducing some scale λ∗. The use of this approximate operator in the Hamiltonian leads
to a modification of the energy spectrum.
Let us describe the construction in more details. To construct the Hilbert Space, we first
choose a countable set, γ = {xj , xjǫR} and define a set Cylγ of linear combinations of the
form: Cylγ := {
∑
j fje
ixjp, fj ∈ C}. Then we define the set of functions of p, Cyl := ∪γCylγ .
The inner product on this set is chosen to be
(eixip, eixjp) = δxi,xj (1)
{eixp /x ∈ R} form an uncountable basis of this space and we denote them as the kets
|x〉. The completion of Cyl w.r.t this inner product is our requisite Hilbert Space Hpoly:
Cyl =: Hpoly.
On this Hilbert Space we have the basic operators:
xˆ|x〉 = x|x〉 (2)
and
Vˆ (λ)|x〉 = |x− λ~〉 (3)
As Vˆ (λ) is not weakly continuous in λ a momentum operator cannot be defined. We can
however define an approximate momentum operator by choosing some scale λ∗:
pˆ|λ∗ =
Vˆ (λ∗)− Vˆ (−λ∗)
2λ∗i
(4)
Here we work with natural units and λ∗ has the dimensions of length.
We now consider the case of the simple harmonic oscillator. The simple harmonic oscil-
lator Hamiltonian is defined using the approximate momentum operator given above and
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reads:
Hˆ =
1
8mλ2∗
(2− Vˆ (λ∗)− Vˆ (−λ∗)) + mω
2x2
2
(5)
The time independent Schrodinger equation is modified to:
1
8mλ2∗
(2− 2 cos(2λ∗p))ψ − mω
2
2
∂2ψ
∂p2
= Eψ (6)
This can be transformed into the Mathieu equation through the following redefinitions:
u = λ∗p+ π/2 , α = 2E/gω − 1/2g2 , g = mωλ2∗ (7)
With these redefinitions the above equation takes the standard form of the Mahtieu
equation:
ψ′′(u) + (α− 1
2
g−2 cos(2u))ψ(u) = 0 (8)
This equation admits periodic solutions for certain values of α:
ψ2n(u) = π
−1/2cen(1/4g
2, u), α = An(g) (9)
ψ2n+1(u) = π
−1/2sen+1(1/4g
2, u), α = Bn(g) (10)
where cen, sen are respectively the elliptic cosine and sine functions and An, Bn are the
Matheiu characteristic value functions. Now we may express the energy eigenvalues of the
polymer harmonic oscillator:
E2n
ω
=
2g2An(g) + 1
4g
(11)
E2n+1
ω
=
2g2Bn+1(g) + 1
4g
(12)
Analytic approximations are available for these functions for the asymptotic cases g << 1
and g >> 1 [1]. For further information on the physics of the polymer quantized harmonic
oscillator we direct readers to [2, 10].
B. Polymer Propagator for Scalar Field
Now we turn to canonically polymer quantizing a massless scalar field. This had been
introduced in [1], whose treatment we now follow. The first step here is to choose a slicing
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of spacetime. We choose one where the 3-space is flat. This corresponds to choosing some
global inertial co-ordinate system.
H =
∫
d3x
(
π2
2
+
(∇φ)2
2
)
(13)
Now one proceeds to quantizing the theory in this frame. If the quantum theory is Lorentz
invariant then this choice of an inertial frame would be inconsequential - the quantum theory
would be the same no matter which inertial frame one chooses to quantize in. However the
propagator from polymer quantization will violate Lorentz invariance. This means that the
resulting quantum theory will depend upon the frame chosen for quantization. We will call
this the preferred frame.
To polymer quantize the above Hamiltonian, we first Fourier expand it. This gives us a
system of uncoupled Harmonic oscillator Hamiltonians:
Hk =
π2
k
2
+
|k|2φ2
k
2
(14)
Now one polymer quantizes each oscillator. Just as xˆ, Vˆ were the basic operators in the
previous case, we will have φˆk, Uˆk(λ) as the basic operators here. Here Uˆk(λ) = e
iλpik
classically. As earlier one can define an approximate momentum operator by introducing a
scale λ∗. Note that in this case λ∗ has the dimension of
√
length . This gives a polymer
quantum Hamiltonian Hˆk which can be mapped to the polymer SHO Hamiltonian of the
previous section by putting m=1 and identifying |k| = ω. So each Hˆk will have the same
spectrum as the oscillator of the last section with:
g = λ2∗|k| =
|k|
M∗
=
frequency
polymer mass scale
where M∗ = λ
−2
∗ is termed as the polymer mass scale and it’s inverse may be called the
polymer length scale. So when g is small it means that the frequencies are small compared
to the polymer mass scale and we should expect the polymer theory to reproduce the results
of the usual Fock quantized field theory in this regime.
The polymer vacuum is the state where all the oscillators are at ground state:
|0〉 =
∏
k
|0k〉
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We may obtain the two point function 〈0|Φˆ(t, ~x)Φˆ(t′, ~x′)|0〉 from the modified spectrum. We
start by writing5
〈0|Φˆ(t,x)Φˆ(t′,x′)|0〉 =
∫
d3k
(2π)3
Dk(t, t
′)eik·(x−x
′)
Where
Dk(t, t
′) = 〈0k|eiHˆktφˆke−iHˆkteiHˆkt′ φˆke−iHˆkt′ |0k〉
Using the eigenspectrum of the Hamiltonian and expanding the state φˆk|0k〉 in the basis
of energy eigenstates as φˆk|0k〉 =
∑
n cn|nk〉, we can evaluate the above equation to obtain
Dk(t− t′) ≡ Dk(t, t′) =
∑
n
|cn|2e−i∆En(t−t′), (15)
where ∆En ≡ E(k)n − E(k)0 and cn = 〈nk|φˆk|0k〉.
Thus we have the following expression for the two point function:
〈0|Φˆ(t,x)Φˆ(t′,x′)|0〉 =
∑
n
∫
d3k
(2π)3
eik·(x−x
′)|cn|2e−i∆En(t−t′) (16)
In [1] it was shown that the only non-zero values of cn are for c4n+3 (for n = 0, 1, 2, ...).
We note that the definition of the two point function above does not involve time ordering.
The corresponding expression for a Fock quantized massless scalar field reads:
〈0|Φˆ(t,x)Φˆ(t′,x′)|0〉 =
∫
d3k
(2π)32|k|e
ik·(x−x′)e−i|k|(t−t
′) (17)
III. THE UNRUH DEWITT DETECTOR
Let us briefly recall the study of the response of an Unruh Dewitt detector coupled with
a Fock quantized massless scalar field.
We consider a point-like detector moving through spacetime along a worldline xµ(τ) where
τ is the proper time along its world line. The Hamiltonian of the coupled field-detector
system is:
5 A careful derivation from step (13) to here would involve first introducing a fiducial volume V in the
definition of the Fourier transform, which can eventually be taken to be infinity [11].
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H = (H0)detector + (H0)field + αNφ(x(τ))
where N is a perturbation of (H0)detector and α a small coupling constant
6. The detector
may undergo a transition from one energy state to another through its interaction with the
field. The probability of observing a transition in the detector from a state of energy E to
a state of energy E + ω is given up to first order in perturbation theory according to:
Prob(E → E + ω) = α2|〈E + ω|N |E〉|2
∫
dτdτ ′e−iω(τ−τ
′)〈i|φ(x(τ))φ(x(τ ′))|i〉
Where |i〉 denotes the initial state the scalar field was in. The above formula is obtained
by first using first order perturbation theory to calculate the probability of a transition where
both the detector and the field undergo transitions and then summing over all possible final
states for the field. Now we assume the initial state for the field |i〉 was actually the vacuum
state |0〉. Then one can use the translational invariance of the vacuum to the re-write the
above equation as
Prob(E → E + ω) = α2〈N〉2
∫
dτdτ ′e−iω(τ−τ
′)〈0|φ(x(τ)− x(τ ′))φ(0)|0〉 (18)
Note that till this point we have not made any assumption either about the quantization of
the field - it can be either polymer or Fock. We’ve only assumed translational invariance of
the vacuum which holds in both cases. Nor have we assumed anything about the state of
motion of the detector - it may be inertial or accelerated. We now assume that the detector
is moving in an inertial frame with xµ(τ)− xµ(τ ′) = uµ(τ − τ ′) with constant uµ. Then one
of the integrals in (18) becomes trivial and we have:
Rate =
Prob(E → E + ω)
proper time
= α2〈N〉2
∫
dτe−iωτ 〈0|φ(x(τ))φ(0)|0〉 (19)
To evaluate this integral it is simplest to go to the rest frame of the detector and use
6 In general, the perturbation N should include a switching function χ(τ) and the transition rate can be
extracted in the limit of adiabatic switching - see for instance [12, 13]. The authors of [7] have verified
that for appropriate switching functions, the result of this procedure agrees with that obtained by using
constant N as we do here.
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(17):
∫
dτe−iωτ 〈0|φ(x(τ))φ(0)|0〉 =
∫
dτe−iωτ
∫
d3k
(2π)32|k|e
−i|k|τ
=
∫
d3k
(2π)32|k|2πδ (|k|+ ω)
=
∫ |k|2
2|k|δ (|k|+ ω) (20)
Where in the second step we performed the integral over τ . As |k| is always positive the
integral vanishes for ω > 0. For ω less than 0 the integral can be seen to give − ω
2pi
.
So we see that a detector in the rest frame will not click. Because of Lorentz invariance
of the Fock quantized field theory, this result obviously extends to all inertial frames. Nev-
ertheless we explicitly demonstrate it here, as this is the result which gets be modified when
a polymer quantized theory is considered. We consider a constant velocity frame where the
detector moves along the x1-axis. In this frame we have t = x0 = u0τ and x1 = u1τ . Then
the above integral becomes:
∫
d3k
(2π)32|k|
∫
dτe−iωτe−i|k|u
0τ+ik1u1τ
=
∫
d3k
(2π)22|k|δ
(|k|u0 − k1u1 + ω) (21)
Now as |k| ≥ k1 by definition and u0 > u1 for all time-like trajectories this ensures that
the integral once again vanishes for ω > 0.
We come to the case of a detector moving with constant acceleration. We can take (18) as
the starting point. One notes that (i) Lorentz boosts generate translations along constantly
accelerated worldlines (ii)the Fock vacuum is invariant under Lorentz boosts. These two
facts can be used to express the Prob(E → E + ω) as a function of the difference (τ ′ − τ)
only. This makes one of the integrals trivial and ensures that the rate of transitions is again
given by the formula (19). The only difference now is that the functional dependence of xµ
on τ has changed. Specifically, for a detector moving with constant acceleration a along the
x1 direction we have
t = x0(τ) =
1
a
sinh(aτ)
x1(τ) =
1
a
cosh(aτ) (22)
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Substituting this in (19) one may evaluate the rate of transitions for the accelerated
detector. This turns out to be:
Rate =α2〈N〉2 ω
2π
e
2pi|ω|
a
e
2pi|ω|
a − 1
, ω < 0
=α2〈N〉2 ω
2π
1
e
2pi|ω|
a − 1
, ω > 0 (23)
So we see that the accelerated detector clicks. It can be shown that at equilibrium the
probability of occupancy of the states of the detector will be given by the Boltzmann distri-
bution, with temperature a
2pi
. Thus the accelerated observer will find itself in an environment
equivalent to a thermal bath.
To summarize, we studied the response of the Unruh Dewitt detector coupled to a Fock
quantized scalar field in three different states of motion - rest, constant velocity and constant
acceleration. We saw that in the first two cases (which are of course equivalent here due
to Lorentz invariance) the detector does not click while for the final case it does click.
Moreover the detector will equilibriate when it’s energy states are distributed according to
the Boltzmann distribution. Now we will study the same cases for a Unruh Dewitt detector
coupled to a polymer quantized scalar field.
IV. UNRUH DEWITT DETECTOR COUPLED TO A POLYMER SCALAR
FIELD
As we have seen before, Lorentz invariance is absent in the polymer quantized scalar field
theory. Thus we must consider three different cases here: (i) the detector is at rest in the
preferred frame (ii) the detector is moving with constant acceleration with respect to the
preferred frame and (iii)the detector is moving with constant velocity with respect to the
preferred frame. Unlike the Lorentz invariant Fock quantized theory, cases (i) and (iii) are
inequivalent for the polymer quantized theory. Let us repeat the analysis outlined in the last
section to each of these cases. As we are interested in the question of whether the detector
clicks or not we will restrict the analysis to the ω < 0 case.
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Detector at rest
The analysis for an inertial detector (i.e a detector at rest in the preferred frame or
moving with constant velocity) is identical to that for the Fock case up to (19):
Rate =
Prob(E → E + ω)
proper time
= α2〈N〉2
∫
dτe−iωτ 〈0|φ(x(τ))φ(0)|0〉
Only instead of the Fock two point function one must now use the polymer two point function
given by (16). This gives:
α2〈N〉2
∑
n
∫
dτe−iωτ
∫
d3k
(2π)3
eik·x(τ)|cn|2e−i∆Ent(τ) (24)
In the rest frame x = 0, t = τ and we have
α2〈N〉2
∑
n
∫
d3k
(2π)3
|cn|2
∫
dτe−iωτe−i∆Enτ
= α2〈N〉2
∑
n
∫
d3k
(2π)2
|cn|2δ (ω +∆En) (25)
As ∆En is always positive we see that the detector does not click in this case. This is
expected as the scalar field vacuum was defined in this frame as the state in which all the
harmonic oscillators the field was decomposed into are in their ground states. Therefore
there can be no transfer of energy from the scalar field to the detector if the field is in this
state.
Detector moving with constant acceleration
We now come to the case of a detector moving with constant acceleration with respect to
the preferred frame. Our aim in this section is to show that the detector clicks or in other
words the probability that the detector makes a transition from a lower to higher energy
state does not vanish for all accelerated frames. The analysis of the previous section goes
through till (18)
Prob(E → E + ω) = α2〈N〉2
∫
dτdτ ′e−iω(τ−τ
′)〈0|φ(x(τ)− x(τ ′))φ(0)|0〉
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The argument that we used in the previous section to derive (19) from (18) relied on the
Lorentz invariance of the Fock. Since we no longer have that in the polymer case we must
work with (18).
From (16), (18) we have
Prob(E → E + ω) = α2〈N〉2
∑
n
d3k
(2π)2
|cn|2
∫
dτdτ ′e−iω(τ−τ
′)eik·(x−x
′)|cn|2e−i∆En(t−t′) (26)
As in the previous section we will consider a detector moving with constant acceleration
a along the x1 direction where we have
t = x0(τ) =
1
a
sinh(aτ)
x1(τ) =
1
a
cosh(aτ)
Substituting this in (26) we find that the integrals over τ, τ ′ read:
∫
dτdτ ′e−iω(τ−τ
′)eik
1( 1
a
cosh(aτ)− 1
a
cosh(aτ ′))e−i∆En(
1
a
(sinh(aτ)−sinh(aτ ′)) (27)
We may write the above as
∫
dτeif(τ)
∫
dτ ′e−if(τ)
′
=
(∫
dτ cos(f(τ))
)2
+
(∫
dτ sin(f(τ))
)2
(28)
Where
f(τ) = −ωτ + k
1
a
cosh(aτ)− ∆En(λ
2
∗|k|)
a
sinh(aτ)
Thus (26) now reads :
Prob(E → E + ω) = α2〈N〉2
∑
n
d3k
(2π)2
|cn|2
(∫
cos(f(τ))
)2
+
(∫
sin(f(τ))
)2
(29)
We find that the integrand of the k integral is always positive. Thus we have established
quite generally that the only way the integral can vanish is if
∫
dτ cos(f(τ)) and
∫
dτ sin(f(τ)
both vanish for all values of k and n. The condition for complete vanishing of Unruh Effect
is thus ∫
dτ cos
(
−ωτ + k
1
a
sinh(aτ)− ∆En
a
cosh(aτ)
)
= 0
and ∫
dτ sin
(
−ωτ + k
1
a
cosh(aτ)− ∆En
a
sinh(aτ)
)
= 0
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for all values of k1, k2, k3, n, a, λ∗ and all ω > 0. That this is not true can be easily checked
numerically.
We have thus established that the detector will in general click for an accelerated detector
coupled to a polymer scalar field. We did not however check whether the detector in this
case experiences a thermal bath or not. This would be the case when the probabilities of the
detector occupying the different energy states is given by the Boltzmann distribution. It is
quite possible that this no longer holds in the polymer case. Indeed the detector experiencing
a thermal bath is equivalent to the analytic continuation of the two point function satisfying
the KMS condition and it has been argued in [11] that the KMS condition fails for the
polymer quantized theory.
Detector moving with constant velocity
Finally we come to the case of the detector moving with constant velocity with respect
to the preferred frame. We can start our analysis from (24)
α2〈N〉2
∑
n
∫
dτe−iωτ
∫
d3k
(2π)3
eik·x(τ)|cn|2e−i∆Ent(τ)
Let us the constant velocity frame along the x-axis. We have t = x0 = u0τ and x1 = u1τ
where u0, u1 are constant.
Substituting this in (24) we have
α2〈N〉2
∑
n
∫
d3k
(2π)3
|cn|2
∫
dτe−iωτeik
1u1τe−i∆Enu
0τ
= α2〈N〉2
∑
n
∫
d3k
(2π)2
|cn|2δ
(
∆Enu
0 − k1u1 + ω) (30)
Thus whether the detector clicks or not comes down to whether the term inside the delta
function can be zero for ω > 0. That is the condition for the detector to click is that the
following inequality is satisfied for some combination of the parameter values.
∆En(λ
2
∗|k|)u0 − k1u1 < 0 (31)
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We may re-write this as
gn(|k|, β, η, λ∗) = 1
1− β2 (∆En(λ
2
∗|k|)− ηβ|k|) < 0 (32)
where β = u1/u0 ≤ 1 and η = k1
|k|
= sin θ cosφ ≤ 1 θ, φ being the polar and azimuth
angles in the momentum space respectively. Thus we now need to see if there is some
(|k|, β, η, λ∗, n) for which this inequality holds. However we have seen before the non-zero
values of the coefficient cn are for c4m+3 (for m = 0, 1, 2, ...). So we need to only check this
inequality for the functions g4m+3.
Plotting g4m+3 with |k| for different values of m we find that for all (β, η, λ∗) the function
gm is always positive except when m=0. g3 does satisfy the inequality (32). Moreover this
property of g3 is robust under changes in β andλ∗ as we show in the figures. Thus a detector
moving in a constant velocity frame will in general click, if the field it couples to is a polymer
quantized scalar field.
From the figures it is also clear that there is an upper bound on the maximum negative
value of ω given by the minima of g3, which we will call ω∗. There will therefore be no
transition from a lower to a higher energy state that involves energy exchanges greater than
|ω∗|. This means that if the minimum energy gap between any two states of a detector is
less than |ω∗| then it will not click. We see from the plots however that |ω∗| increases with
the decrease in the polymer length scale λ2∗.
We also see from the figure that the number of modes contributing to the transitions
decreases with the increase in λ∗ (decrease in M∗). This suggests that such transitions
would be easier to detect with the decrease in λ∗. Experiments that show the absence of
clicking should therefore put a lower bound on λ∗.
We now turn to the question of the rate at which such transitions happen. We would like
to acertain if the rate can be made lower by lowering the polymer length scale. If that were
the case, it would not be possible to experimentally verify the polymer scalar field theory
on the basis of this phenomenon alone. We argue that this is not the case. To solve for the
rate for a given ω one must solve for (|k|, θ, φ) for which
ω + g3(|k|, θ, φ) = 0 (33)
Then the integral over momentum space reduces to an integral over these values of
(|k|, θ, φ). Let us consider the case where a single point contributes to the integral
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FIG. 1: Left Panel: This plot shows the variation of g3 with |k| for fixed M∗ and varying
β. We have taken M∗ = 10
6 and η = 1. Right Panel: This plot shows the variation of g3
with |k| for fixed β and varying M∗.
|k| = k∗, θ = 0, φ = 0. This corresponds to the case when ω = ω∗. Then the momen-
tum space integral is given by -
∫
sin θdθdφ
|k|2dk
(2π)2
|c3(λ2∗k∗)|2δ (g3(k∗) + ω)
= k2∗
|c3(λ2∗k∗)|2
(2π)2
(34)
Now we consider the case when the polymer length scale λ2∗ is very small compared to
|k|. In this case approximate values of c3(λ2∗k∗) are available [1] (We can see from the plots
that for sufficiently small values of β |k| << M∗ so this should be a valid approximation).
This is given up to first order in g by:
c3 =
−i√
2|k|
(
1− 3λ
2
∗k∗
4
)
(35)
Substituting this back in (34) we obtain
rate ∝ |k|
(
1− 3λ
2
∗k∗
4
)2
(36)
This shows that making λ2∗ smaller actually increases the rate of clicking. Even when λ∗
is arbitrarily small and one would expect agreement with the usual result, the rate does not
vanish. Thus our estimate suggests that the polymer scalar theory should be testable in low
energy experiments.
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V. SUMMARY AND CONCLUSION
In this paper we have investigated the response of an Unruh Dewitt detector coupled
to the polymer scalar field of [1]. As Lorentz invariance is lost in this theory and there
is a preferred frame. We investigated three different cases : (i) The detector is at rest in
the preferred frame (ii) The detector is moving with constant speed with respect to the
preferred frame and (iii) the detector is moving with constant acceleration with respect to
the preferred frame.
We saw that the detector at rest does not click, while the accelerating detector does.
These are true of a detector coupled to a Fock quantized scalar field as well. However we did
not calculate the rate of absorption and ascertain the distribution of the energy eigenstates
when the detector is at equilibrium. When the field is Fock quantized this is given by the
Boltzmann distribution and the detector is therefore said to experience a thermal bath.
The distribution of the energy eigenstates for the accelerated observer in the polymer case
remains to be ascertained.
The more interesting result was obtained for a detector moving at constant velocity with
respect to the preferred frame. In this case we saw that there was a finite probability that
the detector would click. It were in fact the (comparative) low frequency modes of the field
which contributed to this radiation. It was shown that lowering the characteristic polymer
length scale increases the rate of transitions. This suggests that the polymer scalar field
theory of [1] may be testable through low energy experiments that are already accessible
to us. Furthermore, such experiments should put a lower limit of the polymer length scale.
However we obtained only a rough estimate of this rate. A more careful numerical study
needs to be done in order to make contact with experiments.
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(Note Added: In a paper that appeared after our submission[7], a more detailed inves-
tigation of transition rates for the inertial Unruh-DeWitt detector was undertaken, both
analytically and numerically. This paper bears out our result that the inertial detector cou-
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pled to a polymer quantized scalar field can click. Furthermore, it showed that there exists
critical velocity βc = 1.3675 for detectors. A detector moving below this velocity (with
respect to the preferred frame) will not get spontaneously excited. However, a detector
moving with a speed above βc will click, even when the detector’s energy gap is very small
or the polymer length scale λ∗is very small. In fact the rate of transitions for such a detector
was shown to be proportional to 1
λ∗
. It is to be noted that the critical velocity discovered in
[7] is well within the range of present day experiments.)
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